The present study aimed to identify whether polygenic scores (PGSs) for education, health and psychological factors are related to subjective age in a large sample of older adults. Participants were 7,763 individuals of European ancestry (57% women, Mean age ϭ 69.15, SD ϭ 10.18) from the Health and Retirement Study who were genotyped and provided subjective age data. Higher PGSs for educational achievement and well-being were related to a younger subjective age, whereas higher PGSs for neuroticism, body mass index, waist circumference, and depressive symptoms were associated with an older subjective age. This study provides new evidence on the potential genetic underpinnings of subjective age.
Subjective age is the age people feel relative to their chronological age. Subjective age has received attention in the last decade because it has been found to predict psychological and health outcomes among older adults, including risk of cognitive impairment and dementia (Stephan, Sutin, Luchetti, & Terracciano, 2017) , likelihood of hospitalization , and survival (Rippon & Steptoe, 2015; Stephan, Sutin, & Terracciano, 2018; Westerhof et al., 2014) . The subjective evaluation of one's age is a multidetermined marker of aging, with antecedents that range from biological to environmental (Kotter-Grühn, Kornadt, & Stephan, 2016; Stephan, Sutin, & Terracciano, 2015) . Specifically, lower adiposity and lower physiological dysfunction (Stephan et al., 2015) , fewer depressive symptoms (Dutt & Wahl, 2017; Keyes & Westerhof, 2012) , better self-rated health and well-being (Westerhof, Barrett, & Steverink, 2003) , and higher cognitive functioning (Hughes & Lachman, 2018) are related to feeling younger than one's age. A younger subjective age is also predicted by higher educational achievement (Stephan et al., 2015) and personality traits, such as lower neuroticism and higher openness to experience and extraversion (Hubley & Hultsch, 1994; Stephan, Demulier, & Terracciano, 2012) . In addition, environmental influences, such as exposure to negative aging stereotypes (Kotter-Grühn & Hess, 2012) and to age discrimination (Stephan et al., 2015) are related to an older subjective age. The age an individual feels is also dependent in part on comparison with same-age peers, such that a younger subjective age results from favorable social comparisons (Hughes et al., 2018) . Recent research also provided evidence for cultural influences on the age individuals feel (Hess et al., 2017) .
Existing findings raise the question of the extent to which the association between subjective age and demographic, health, psychological, and cognitive factors is due to genetic overlap. At first glance, the observed phenotypic associations could be driven mainly by environmental factors (e.g., age discrimination leading to depressive symptoms and an older subjective age), and genetic factors would have no predictive power. However, based on conceptualizations of subjective age as a marker of physical and psychological fitness (Stephan et al., 2015) , biological influences on subjective age could have their roots in the genome. A recent study found that about one third of the variance in views on aging, operationalized via age stereotypes (i.e., what people think about older persons), are due to genetic influences (Kornadt & Kandler, 2017) . Given that subjective age is a component of overall views of aging and closely related on an empirical and theoretical basis to other operationalization such as age stereotypes (Wurm, Diehl, Kornadt, Westerhof, & Wahl, 2017) , there are reasons to expect that the age people feel may also have a genetic basis. Furthermore, given that several genetically driven factors predict subjective age, such as adiposity, personality, and depression, these genetic factors may manifest into the specific phenotypes and have pleiotropic (i.e., the same genes influencing multiple phenotypic variables) effects on the age individuals feel. Therefore, using polygenic scores (PGS; also known as polygenic risk scores), this study aims to test whether genetic factors that underlie education, cognition, mental, and physical health, and personality (Davies et al., 2015; Locke et al., 2015; Okbay, Baselmans et al., 2016; Okbay, Beauchamp et al., 2016; Shungin et al., 2015; Terracciano et al., 2010) are related to subjective age in a large sample of older adults.
Research on the genetic foundations of complex traits and health outcomes has found only small associations with specific singlenucleotides polymorphisms (SNPs) (Plomin & Von Stumm, 2018) . Genome-wide association studies (GWAS) indicate that most traits are influenced by many SNPs with small effects (Okbay, Baselmans et al., 2016; Okbay, Beauchamp et al., 2016 , Plomin et al., 2018 . To increase predictive power, a PGS aggregates the small contribution of thousands of SNPs on a phenotype and represents a quantitative measure of the genetic propensity or risk to a given outcome (Cross-Disorder Group of the Psychiatric Genomics Consortium, 2013; Middeldorp et al., 2011; Plomin et al., 2018) . The computation of a PGS broadly follows a two-step procedure. First, a discovery meta-analysis of GWAS identifies the associations of each SNP with a given trait. In a second step, the PGS is computed for each individual in an independent sample by aggregating the effects of risk alleles from thousands to millions of SNPs, and weighting them by the effect size from the discovery GWAS.
The use of PGS has shown that pleiotropic effects are common, for example with substantial genetic overlap across psychological traits and psychiatric conditions, which means that the same genes have an influence on the manifestation of these different phenotypes (Cross-Disorder Group of the Psychiatric Genomics Consortium, 2013; Middeldorp et al., 2011) . These polygenic associations have been found to often mirror the phenotypical associations (Mõttus, Realo, Vainik, Allik, & Esko, 2017) . Therefore, it is likely that subjective age may be related to PGS for outcomes with which it has been associated at the phenotypic level. For subjective age, it was thus hypothesized that higher PGS for education, cognition, and well-being will be related to a younger subjective age, whereas higher PGS for adiposity, depressive symptoms, Alzheimer's disease, and neuroticism will be related to an older subjective age. No associations were expected with PGS for factors that were not related to subjective age at the phenotypic level (e.g., smoking, height, and schizophrenia). When significant relationships between the PGS and subjective age were found, additional analysis were conducted to test whether this relation was mediated by the respective phenotypic characteristics.
Method Participants
Data were obtained from the Health and Retirement Study (HRS). The HRS is a nationally representative longitudinal study of Americans aged 50 years and older sponsored by the National Institute of Aging (grant NIA U01AG009740) and conducted by the University of Michigan. Participants signed a consent form approved by the Institutional Review Board at the University of Michigan. A random one half of the HRS sample was preselected for an enhanced face-to-face interview in 2006, provided salivary DNA, and answered a psychosocial questionnaire. In 2008, the same procedure was applied to the other half of the sample. The design is repeated in the following waves. Subjective age was first assessed in the psychosocial questionnaire in 2008 for half of the sample and in 2010 for the other half. The present study included participants who provided salivary DNA and subjective age data between 2006 and 2010. Analyses were conducted on 7,763 individuals of European ancestry aged from 50 to 107 years (57% women, Mean age ϭ 69.15, SD ϭ 10.18).
Measures
Subjective age. Subjective age was assessed with a question that asked participants to report how old they felt in years. A proportional discrepancy score was computed first by subtracting chronological age from felt age and then dividing by chronological age (Brothers, Miche, Wahl, & Diehl, 2017; Stephan et al., 2017) . A positive score indicated an older subjective age, whereas a negative score represented a younger subjective age. Participants with discrepancy scores 3 SD above or below the mean were excluded (n ϭ 27).
Polygenic scores. PGS for educational attainment, height, body mass index (BMI), waist circumference, waist-to-hip ratio, Alzheimer's disease, general cognition, schizophrenia, smoking initiation, subjective well-being, neuroticism, and depressive symptoms were used in the present study. Each PGS was computed based on the results from large meta-analyses of GWAS (Davies et al., 2015; Lambert et al., 2013; Locke et al., 2015; Okbay, Baselmans et al., 2016; Okbay, Beauchamp et al., 2016; Ripke et al., 2014; Shungin et al., 2015; Tobacco and Genetics Consortium, 2010; Wood et al., 2014) . When the HRS was part of the meta-analyses of these studies, the analyses were repeated excluding the HRS to obtain PGS parameters from independent samples. All the SNPs that overlapped between the GWAS and the HRS genetic data were included (see Ware, Schmitz, & Faul, 2017) . Including all available SNPs in a PGS, without taking into account linkage disequilibrium (i.e., the nonrandom association of alleles at different loci in a given population) or the p value threshold, demonstrated the largest predictive power, or produced scores comparable with those using any type of linkage disequilibrium trimming or p value threshold (Ware et al., 2017) . The number of overlapping SNPs ranged from about 774,000 (for BMI) to about 1,150,000 (for subjective well-being) SNPs. Each SNP was weighted by GWAS estimates (odd ratios or beta estimate), and weighted sums were used to compute a PGS for a given outcome (Ware et al., 2017) . Given that the SNPs' weights for the PGS were based on GWAS results from discovery samples of This document is copyrighted by the American Psychological Association or one of its allied publishers.
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European ancestry, PGS were computed only for the individuals of European ancestry because the predictive utility of PGS is dependent on the genetic similarity to the discovery cohort (Martin et al., 2017) . PGSs were calculated using PRSIce and PLINK (Ware et al., 2017) . Higher PGS represents a higher genetic propensity to a given outcome.
Data Analysis
A regression analysis was used to examine the association between PGS and subjective age. Separate regressions were performed for each PGS as a predictor and subjective age as the criterion. Age (in years), sex (coded as 1 for male and 0 for female), and 10 ancestry-specific principal components were controlled in each analysis. Principal component analysis based on SNPs allows to create continuous axes of variation attributable to ancestry-related differences (Price et al., 2006) . Adjustment for principal components is a control for ancestry differences in genetic structure that could be related to both the PGS and subjective age. Such adjustment is common in association studies to reduce the risk of spurious associations because of population stratification, that is, variation in allele frequency because of ancestry differences (Price et al., 2006) . Such a method is needed in samples of European ancestry, given the differences in the genetic structure across groups from various regions of northern and southern Europe (Price et al., 2006 (Price et al., , 2008 .
A false discovery rate correction (see Benjamini & Hochberg, 1995) was applied to the p values. The false discovery rate was computed as p(i) ϭ (i ‫ء‬ 0.05)/n, where i corresponds the rank of the p value in the set of analysis (from lower to higher), 0.05 is the chosen significance level, and n is the total number of analysis. Each p(i) was calculated sequentially. As a result, starting from the sixth p value (e.g., well-being), all associations that were lower than or equal to a significance level of 0.023 (p ϭ 6 ‫ء‬ 0.05/13) were considered significant. Supplemental bootstrap analysis (N ϭ 5,000) was conducted using the PROCESS macro (Hayes, 2013) to test whether the PGS contribute to subjective age through the mediation of their corresponding phenotypes. A significant mediation was observed when the 95% confidence intervals for the indirect effects did not include zero.
Results
Correlations between the study variables are presented in Table 1 . Consistent with our hypothesis, the regression analysis revealed that PGS for education, BMI, neuroticism, well-being, waist circumference, and depressive symptoms were associated with subjective age (see Table 2 ). Specifically, these findings suggest that higher PGS for educational achievement and well-being were related to a younger subjective age, whereas higher PGS for neuroticism, BMI, waist circumference, and depressive symptoms were associated with an older subjective age. Additional analysis with all PGS included simultaneously in the regression model revealed a significant association of the PGS for BMI (␤ ϭ .05 p Ͻ .05).
Furthermore, we examined whether phenotypically assessed education, depressive symptoms, neuroticism, well-being, BMI, and waist circumference mediated the association between the PGS of these phenotypes and subjective age. Education was re- This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
ported in years. Depressive symptoms were assessed using the eight-item version of Centers for Epidemiologic Studies Depression (Wallace et al., 2000) . Scores ranged from 0 to 8, with higher scores indicating higher depressive symptoms (Cronbach's alpha ϭ .79). Neuroticism was measured using four items from the Midlife Development Inventory (Zimprich, Allemand, & Lachman, 2012 ) on a scale ranging from 1 (not at all) to 4 (a lot) (␣ ϭ .73). Life satisfaction was assessed using the 5-item satisfaction with life scale (Diener, Emmons, Larsen, & Griffin, 1985) on a scale ranging from 1 (strongly disagree) to 7 (strongly agree).
Higher score indicated higher life satisfaction (␣ ϭ .89). BMI was derived as kilograms per square meter from an objective measurement of weight and height, and waist circumference was measured at the level of the navel and reported in inches. The results revealed that the associations between the PGS and subjective age were mediated by the specific phenotypic manifestations of the respective PGS, given that zero was not included in the 95% confidence intervals (see Table 3 ). The association between cognition PGS and subjective age was in the expected direction but not significant after correction for multiple testing. Finally, as expected, there was no significant association between PGS for height, schizophrenia, smoking, and waist-to-hip ratio and subjective age (see Table 2 ).
Discussion
Consistent with our hypothesis, we found that a genetic propensity for higher educational attainment, greater well-being, more emotional stability, fewer depressive symptoms, and lower adiposity was predictive of a younger subjective age. This pattern of correlates mostly matches the associations observed at the phenotypical level. Therefore, these findings suggest that shared genetic influences may explain part of the link observed in past research between education, adiposity, well-being, neuroticism, and depressive symptoms and the age individuals feel (Stephan et al., 2015; Westerhof et al., 2003) . This study thus adds to existing knowledge on factors related to the age individuals feel by providing the first evidence of the genetic underpinnings of subjective age.
Additional analysis revealed that the phenotypic manifestations of genetic influences are explanatory pathways of the association between polygenic scores and subjective age. Indeed, genetically driven lower depression, lower BMI, lower waist, lower neuroticism, and higher education and well-being manifested into a younger subjective age. Therefore, the phenotypic associations have deep roots in the genetics of education, adiposity, neuroticism, well-being, and depression. Such a model is consistent with a mediated pleiotropy model, in which genetic variants contribute to two phenotypes when examined separately (e.g., to educational attainment and subjective age) and contribute to one phenotype through the second (e.g., to subjective age via educational attainment) when included simultaneously (Solovieff, Cotsapas, Lee, Purcell, & Smoller, 2013) . Furthermore, the finding that subjective age is associated with polygenic scores for a range of relatively different outcomes is consistent with the recent hypothesis of a general genetic pull underlying psychological factors (Mõttus et al., 2017) . According to this hypothesis, psychological traits are influenced by genetic factors that act broadly across a range of phenotypes and that are not specific to these traits (Mõttus et al., 2017) . Therefore, the pattern of relationships observed in this study suggests that the age individuals feel may reflect this general genetic pull that are nonspecific genetic influences which operate across different phenotypes.
Contrary to phenotypic evidence for the association between subjective age, cognitive functioning, and risk of dementia Note. N ϭ 7,763. B ϭ unstandardized regression coefficients; SEB ϭ standard error of the unstandardized regression coefficient; ␤ ϭ standardized regression coefficient; PGS ϭ polygenic score. Analysis was controlled for age, sex, and 10 ancestry-specific principal components. Associations with p Ͻ .023 are significant and printed in bold. Note. PGS ϭ polygenic Score; BMI ϭ body mass index; MV ϭ mediating variable. Coefficients are unstandardized coefficients. a Ns ranged from 7,065 (BMI) to 7,696 (depressive symptoms) because of missing data. b Bootstrap estimates and 95% bias-corrected confidence interval are for indirect effects of PGS on subjective age through education, neuroticism, depressive symptoms, life satisfaction, BMI, and waist circumference, controlling for age, sex, and ancestry-specific principal components. ‫ءءء‬ p Ͻ .001. This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. (Hughes et al., 2018; Stephan, Sutin, Caudroit, & Terracciano, 2016; Stephan, Sutin, Luchetti et al., 2017) , there was no significant association between PGS for general cognition or Alzheimer's disease and subjective age. One potential explanation for this lack of association is that the cognition PGSs do not target memory, the cognitive domain with the strongest phenotypic relation with subjective age. The lack of significant links between PGS for height, schizophrenia, smoking, and waist-to-hip ratio and subjective age, however, is consistent with our hypothesis. These latter null findings point to the specificity (discriminant validity) of the reported associations. The present study complements recent reports of genetic sources of views on aging (Kornadt & Kandler, 2017) . In particular, it reveals that this genetic influence may apply not only to what people think about older persons but also to how old individuals feel themselves, which is another specific component of general views on aging. Our study extends the much-needed research on the origins of views on aging and its different facets by identifying the specific set of genetic factors related to the subjective experience of aging among individuals of European ancestry. Furthermore, these findings have broader implications for understanding the link between the age people feel and crucial health-related outcomes. Indeed, the results indicate that a younger subjective age is associated with a lower genetic propensity to health risk factors such as adiposity and depressive symptoms, which may in part explain its relation with lower risk of hospitalization and mortality.
The present study has several strengths, including the use of a large range of polygenic scores for different phenotypes and the first identification of genetic correlates of subjective age in a large sample of older adults. There are also some limitations. The present study is specific to individuals of European ancestry. In addition, the association between PGSs and subjective age was relatively small. Furthermore, the present study focuses only on the use of PGSs for a range of demographic, health, and personality factors for the prediction of subjective age. Future studies using GWAS are needed to identify the range of genetic variants related to subjective age. This study uses secondary data for which one of several methods for creating PGSs was applied (Dudbridge, 2013; Kapoor et al., 2016; Plomin et al., 2018) , and it may not account for potential measurement errors issues associated with PGS. Future studies should examine to what extent the results replicate based on PGS derived from larger GWAS studies and alternative methods for computing PGS. Finally, the polygenic scores used in the present study will need to be updated along with new GWAS. Despite these limitations, this study provides new evidence about polygenic factors associated with subjective age. Therefore, it opens new avenues of research on the genetic basis of subjective aging.
